Introduction
Effective treatment of perioperative pain represents an important component of postoperative recovery as it serves to blunt autonomic, somatic and endocrine reflexes with a resultant potential decrease in perioperative morbidity. [1] Research continues concerning different techniques and drugs that could provide optimal operative conditions and postoperative pain relief. Various groups of drugs such as opiates, benzodiazepines, ketamine, alpha 2 agonists such as clonidine, dexmedetomidine etc, are being used clinically as adjuvants in subarachnoid block, yet no drug has been identified that specifically inhibits nociception without associated side effects.
Techniques involving the smaller doses of opioid in combination with nonopioid adjuvant drugs are becoming increasingly popular approaches for perioperative pain management. Noxious stimulation leads to release of glutamate and aspartate neurotransmitters, which bind to various subclasses of excitatory amino acid receptors, including the N-methyl D-aspartate (NMDA) receptor. Activation of NMDA receptors leads to calcium and sodium influx into the cell, with an efflux of potassium and initiation of central sensitization and wind-up. [2, 3] NMDA receptor signaling may be important in determining the duration and intensity of postoperative pain. Magnesium blocks NMDA channels in a voltage-dependent way, and the addition of magnesium produces a reduction of NMDA-induced currents. [4] Thus it has antinociceptive effect and has application in anaesthesia. It has various actions such as analgesia, vasodilation by calcium block, and inhibition of catecholamine release. It is worthwhile to study the role of supplemental magnesium in providing perioperative analgesia, because this is a relatively harmless molecule, economical and also because the biological basis for its potential antinociceptive effect is promising. [5] The safety of intrathecal magnesium administration has been evaluated and established as an effective adjuvant to bupivacaine. [6, 7] The safety profile has been evaluated, including histopathological analysis. [8] The aim of this study was to evaluate the effects of intrathecal supplementation of magnesium sulphate to bupivacaine-fentanyl in patients undergoing lower limb and lower abdominal surgeries.
II. Materials And Methods
After approval of the institutional ethical committee and obtaining written informed consent, sixty patients undergoing elective lower abdominal or lower limb surgeries of ASA grade I and II between 20 to 60 years were enrolled in this study. Patients allergic to local anaesthetics, having local infections, bleeding disorders, cardiovascular diseases, Seizure disorder, Neuropsychiatric disorders, kyphoscoliosis and spondylosis were excluded from the study. It is a double blinded comparative study with simple random sampling technique. Sixty patients were divided into two groups of thirty each.
All patients were fasted for a minimum of eight hours preoperatively and after gaining IV access, preloaded with Ringers lactate (10ml/kg). Standard ASA monitors were connected and basal parameters noted. The lumbar subarachnoid block was performed under strict aseptic precautions with the patients in either left or right lateral position with pillow under the head and table flat. Lumbar dural tap was done in the L3-L4 interspace, midline approach, using 25 gauge Quincke's needle after local infiltration of skin with 2 % Lignocaine. Magnesium sulphate 1 ml (500mg) was taken and diluted to 10ml with 0.9%normal saline, of which 1 ml (50mg) was taken in to a separate syringe.
Group M (study group) received 2.5ml of 0.5% bupivacaine(Heavy) + 25µg(0.5ml) fentanyl, immediately followed by 50mg(1ml) magnesium sulphate and Group S (control group) received 2.5ml of 0.5% bupivacaine(Heavy) + 25µg(0.5ml) fentanyl, immediately followed by 1ml of 0.9% sodium chloride.
After obtaining free and clear flow of CSF, drug was administered slowly, making sure of negative aspiration for blood. Patients were made to lie supine immediately after the completion of injection. The time of completion of injection of drug was recorded as 0 minute. Heart rate, NIBP, ECG and pulse oximeter were used for intraoperative monitoring. Oxygen supplementation at 5 L/min through face mask was given for all patients.
Onset of sensory block was taken as time between the end of injection of intrathecal anaesthetic and the absence of pain at T12 dermatome and assessed by pin prick test. Motor block was assessed by modified Bromage scale (0-no motor loss; 1-inability to flex the hip; 2-inability to flex the knee; and 3-inability to flex the ankle). Onset of motor block was taken as the time from intrathecal injection to Bromage 1 block and duration of motor block was taken as time from the onset of motor block till the Bromage score becomes zero. Assessment of pain was done by Visual analogue scale (VAS) -10cm horizontal line was drawn, no pain at left end (0) and severe pain at right end (10) . The score is the distance in centimeters from left side of the scale to the mark shown by the patient. Time for first rescue analgesia was taken from the time of intrathecal injection to a VAS >4, at which rescue analgesia in the form of inj.diclofenac slow IV was administered.
Patients were monitored for intraoperative complications like hypotension, bradycardia, shivering, nausea and vomiting. Then shifted to recovery area after completion of surgery and then to postoperative ward and observed. They were followed up for 24 hours for any postoperative complications.
Hypotension: taken as a decrease in systolic blood pressure by 25% of baseline value or systolic blood pressure ≤ 90 mmHg. Treated with rapid infusion of intravenous fluids, increasing oxygen supplementation through face mask, Inj. mephentermine 6 mg iv increments and Inj. atropine 0.6 mg iv if associated with bradycardia. Bradycardia is taken as ≥ 25 % decrease in heart rate compared to baseline value or if heart rate < 60/minute.
Descriptive statistics, frequencies, crosstabs, independent sample t-test and repeated measures ANOVA were the statistical methods used for this study.
III. Results, Figures & Tables
There were no significant differences between the two groups in age, sex, weight, height, and duration of surgery (Table 1) .
Heart rate & Mean Arterial Pressures between the two groups were similar and are shown in figure 1 & 2 respectively. Oxygen saturations remained stable, and there were no significant differences between the two groups.
There was significant delay in time for two segment regression between the study and control groups, 171.33 ± 33.34 minutes and 129.5 ± 24.99 minutes respectively, with p value = .00. Time for complete motor recovery was also delayed significantly between the two groups, study group (286 ± 55.42 minutes) and control group (227.83 ± 38.54 minutes with p value of 0.00) ( Table 2 ). Though onset of sensory and motor block were delayed in study group compared to control group, they were statistically insignificant. (Table 2) Duration of analgesia in study group was significantly delayed 290 ± 103.64 minutes when compared to control group 210 ± 56.03 with p value of .00. Mean VAS scores were significantly less in study group when compared to control group. There was wide difference noted in the VAS scores between the two groups after 1 hour in the postoperative period (Fig. 3) 
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Iv. Discussion
Subarachnoid block is a commonly employed anaesthetic technique for performing lower abdominal and lower limb surgeries. It is a safe, inexpensive and easy-to-administer technique. It is simple, has rapid onset and is reliable. The risk of general anaesthesia and mishaps due to airway management are avoided by this technique. [9] Various additives are being administered to prolong the anaesthesia and analgesia provided by this technique.
The present study has found that magnesium sulphate administered intrathecally is effective in prolonging bupivacaine fentanyl anaesthesia. There are no statistically significant differences in terms of demographic properties or ASA grading. The mean age, weight, height, gender, type of surgeries, duration of surgery are comparable in both the groups. There was significant delay in the onset time for sensory block in magnesium group in the studies conducted by Shukla et al (study group: 6.46± 1.33 min, control group: 4.14± 1.06 min) and Nath et al (study group: 10.1± 2.0 min, control group 5.2± 1.1 min) but in the present study though there is delay in magnesium group it is statistically insignificant. [10, 11] In the study done by Sanad et al (study group: 4±0.5 min, control group: 3.2± 0.8) though there was delay in onset time but was comparable between two groups which is similar to our study. [12] The shorter onset time when compared to other studies can be attributed to a lower dermatomal level (T12) considered in our study, Shukla et al (T10) and in Nath et al (T8). [10, 11] There is no significant difference in the maximum level of sensory block attained between the two groups. This was also observed by Jong Wha Lee et al(T6), Dayioglu H et al(T7) and Sanad et al(T10-7). [12, 13, 14] There is no significant difference in time taken to reach highest dermatomal levels in between the two groups. This is supported by H. Dayioglu et al (study group: 21.5±4.5 min, control group: 22.9± 5 min). [14] In the present study, patients who received magnesium had a delay in mean onset of motor block than those in control group but this was not statistically significant. There was delay in onset of motor block in studies done by Shukla et al (study group: 7.18± 1.38 min, control group: 4.81± 1.03, Nath et al (study group: 16.18 min, control group: 14.30 min), and Malleeswaran et al (study group: 5.7± 0.7 min, control group: 5.1±1.0). [6, 10, 11] The above mentioned studies considered modified Bromage scale 3 for the onset of motor block; this could be the reason for the increased duration noted in these studies which was significant. The delay could have been better appreciated between the two groups in the present study if the progression of block from modified Bromage scale 1 to 3 had been studied.
The time for two segment regression of sensory block was taken as the time taken for the sensory level to regress by two segments. In the present study the mean time in study group is 171.33 minutes and 129.50 minutes in control group. There is significant delay in the magnesium group which is supported by the study of The duration of analgesia or time to rescue analgesia was the time at which patient requested first analgesic. The mean time to rescue analgesia in the present study is 290 minutes in study group and 210 minutes in control group. This was found to be statistically significant and is supported by Nath et al(study group: 291.4 min, control group: 263.9 min) and Malleeswaran et al(study group: 229.3 min, control group: 187.7 min). [6, 11] The mean time for complete motor recovery in the present study is 286 minutes in study group and 227.83 minutes in control group. This is statistically significant. Malleeswaran et al (study group: 200 min, control group: 175.3 min), and study done by Jehad Ahmed Sayed (study group: 205 min, control group: 165 min) also found the similar result of significant delay in time for motor recovery in study group. [6, 15] There were no significant changes in the mean pulse rate and mean arterial pressures between the two groups in the present study. This was comparable with the findings of Nath et al, Sanad H et al, Malleeswaran S et al, Jabalameli M et al, and Shukla et al. [6, 10, 11, 12, 16 ] No significant differences were seen in the intraoperative and postoperative complications, also noted by Sanad et al and Malleeswaran et al. [6, 12] 
V. Conclusion
In patients undergoing lower abdominal and lower limb surgeries, addition of 50 mg of magnesium sulphate to the combination of intrathecal bupivacaine and fentanyl provides longer duration of analgesia, longer time for two segment regression, delays time for complete motor recovery without significant haemodynamic variations and side effects.
However further studies should also explore whether the addition of magnesium can reduce the intrathecal dose requirement of local anaesthetic agents, and possibly even replace fentanyl, thereby avoiding opioid side effects such as sedation, pruritus and respiratory depression.
